® 



J 



Europaisches Paten tarn t 
European Patent Office 
Office europeen des brevets 




© Publication number: 0 476 915 A2 



EUROPEAN PATENT APPLICATION 



g) Application number : 91308282.2 
3) Date of filing : 11.09.91 



© int. Cf. s : C11D 3/386, D06M 16/00 



@ Priority : 14.09.90 US 583225 

@ Date of publication of application : 
25.03.92 Bulletin 92/13 

(S) Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IT U LU NL SE 

@> Applicant : The Clorox Company 
1221 Broadway 
Oakland California 94612 (US) 

(72) Inventor : Mizusawa, Eugene A. 
18938 Parsons Avenue 
Castro Valley, California 9454 (US) 



Inventor : Anderson, Susan A. 
3499 Edison Way 
Menlo Park, California 94025 (US) 
Inventor : El-Sayed, Maha Y. 
40633 Canyon Heights Drive 
Fremont, California 94536 (US) 
Inventor : Leiske, Daniel R. 
144 Albatross Avenue 
Livermore, California 94550 (US) 
Inventor : Wlersema, Richard J. 
200 Berverdor Avenue 
Tracy, California 95376 (US) 
Inventor : Yang, Chihae 
3470 Andrews Drive 
Pieasanton, California 94588 (US) 

74) Representative : Smith, Sydney et al 
Elkington and Fife Prospect House 8 
Pembroke Road 

Sevenoaks, Kent TN13 1XR (GB) 



(g) Lipase-surface complex and methods of formation and use. 

(57) Methods for treating surfaces with lipase to provide an enzyme-surface complex and surfaces so 
treated facilitate oil removal. One such treated surface is a fabric with lipase sorbed onto the surface. A 
preferred sorbed lipase is isolatable from a Pseudomonas organism or clone. Treated fabrics have 
substantial hydrolysis activity for oil stains and perhydrolytic activity for oil stains, have altered surface 
wettability, and retard oil and hydrolysis by-produce redisposltlon In the presence of aqueous solutions. 
The sorbed lipase is resistant to removal during fabric laundering and retains substantial hydrolytic 
activity even with exposure to drying at elevated temperature. The hydrolytic activity of the lipase^fabric 
complex persists during storage or wear. Hydrolysis by-products are removable during laundering at 
basic pH or in the presence of surfactant 



in 
o> 

CO 

1^ 



Q. 
LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 476 915 A2 



Reld of the Invention 



The present invention relates to the field of use of lipases in laundry applications. More broadly, it relates 
to modification of surfaces such as for ofl stain removal, improved wettability and anti-redeposition. More par- 
ticularly, it relates to formation of hydrolase-fabric complexes which are stable and hydrolytically active during 
laundenng. drying and use. and provide increased oil stain removal, wettability and anti-redeposition properties. 

Background of the Invention 

■ v 

Lipases are enzymes naturally produced by a wide variety of living organisms from microbes to higher 
eukaryotes. Fatty acids undergoing oxidation in tissues of higher animals must be in free form (that is non- 
esterifjed) before they can undergo activation and oxidation. Thus, intracellular lipases function to hydrolyze 
the triacylglycerols to yield free fatty acids and glycerol. Enzymes useful in the present invention will be referred 
to as lipases", but include enzymes described as being a "hydrolase" or "cutinase", as well as a "lipase" 
because the useful enzymes form hydrolysis by-products from oil substrates. All three terms and enzymes are 
contemplated and included by the use of the term "lipase" herein. 

Bacterial lipases are classically defined as glycerolesterhydrolases (EC 3.1.1.3) since they are polypep- 
tides capable of cleaving ester bonds. They have a high affinity for interfaces, a characteristic which separates 
them from other enzymes such as proteases and esterases. 

Cutinases are esterases that catalyze the hydrolysis of cutin. For example, cutinase allows fungi to pene- 
trate through the cutin barrier into the host plant during the Initial stages of a fungal infection. The primary struc- 
tures of several cutinases have been compared and shown to be strongly conserved. Ettinger Biochemis try 
26, pp. 7883-7892 (1987). Sebastian et al.. Arch. Blochem: Biophvs.. 263 fit pp. 77-85 (1988) have recently 
found production of cutinase to be Induced by cutin in a fluorescent P. putida strain. This cutinase catalyzed 
hydrolysis of p-nitrophenyl esters of C 4 -C ie fatty acids. 

Because of this ability, lipases have long been considered as potential components in detergent compo- 
s.tions, and lipases obtained from certain Pseudomonas or C/»romobacfermicroorganisms have been disclosed 
as useful in detergent compositions: Thorn et al.. U.S. Patent No. 4.707. 291. issued November 17. 1987 and 
Wiersema etal.. European Patent Application 253.487. published January 20, 1988. However, although lipases 
hydrolyze oil in solutions simulating laundry wash compositions, they have not proven to be very effective in 
removing oil stains from fabrics. 

PCT application WO 88/09367 suggests the use of one of the lipases employed in the present invention 
in laundry applications. However, the method of use suggested merely comprises conventional use in laundry 
solutions or cleaning compositions. This lipase, so used by conventional methods, is no more effective than 
otherlipases in removing oil stains from fabrics. Therefore, a need remains for effective utilization forthe poten- 
tial of lipases for removing oil stains in laundry applications. 

Fabric treatments with non-enzyme compounds are known to alter the properties of fabric surfaces For 
example, paralleling the development of durable-press and wash/wear fabrics, has been work on imparting oil 
and water repellency to fabrics. A widely used treatment utilizes a fluorochemical (sold by Minnesota Mining 
and Manufacturing Company under the mark Scotchgard) and another composition used for such fabric treat- 
ment is sold by E.I. du Pont de Nemours & Co. under the trademark Zepel. But oil and water repellant treated 
fabric have posed difficulties in removing stains by laundering, due to the fact that these repellant treatments 
make the fabric hydrophobic, and the oils forced onto such fabrics (particularly clothing at collar and cuffs) there- 
foreare difficult to remove. One approach to this problem has been to treat the fabrics with soil release polymers 
However, a need remains for imparting improved oil stain removal properties to surfaces, and particularly to 
fabrics exposed to significant oil staining, such as table cloths, aprons and clothing at body contact points such 
as collars and cuffs. 

The use of lipases and/or cutinases in imparting oil hydrolysis activity during storage or wear has not been 
previously recognized. 

When soil is released from fabric during laundering there is a further problem of redepositlon of the oily 
soil on the previously cleaned fabric. This problem is well recognized. U.S. Patent No. 4.909.962 issued March 
20, 1990, inventor Clark, attributes the redeposition of oily soil, in part, to phase separation (at least in the case 
ofa pre-spotting composition when diluted with water in the wash bath). U.S. Patent No. 4,91 9.854. issued April 
24, 1990. inventors Vogt etal., discloses detergent and cleaning preparations which include redeposition inhibh 
tors described as water-soluble, generally organic, colloids (e.g. polymeric carboxylic acids and gelatin) 
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Summary of the Invention 

The present invention provides a novel use of the oil hydrolyzing potential of lipases for removing oil stains 
from fabrics more effectively than prior art attempts to utilize lipases for laundry cleaning applications. 

5 In one aspect of the present invention, a method for modifying surfaces is provided to facilitate oil removal 

therefrom and comprises selecting a surface to be modified and then immobilizing (by-chemical or physical 
means) an lipase onto the surface by forming a surface-lipase complex. The immobilized lipase is isolatable 
from Pseudomonas organisms. Suitable enzymes are lipases that are isolated from an organism expressing 
a coding region found in or donedfromP.pl/tfdaATCC53552 or P. sp., more preferably from the putida species. 

10 A particularly preferred lipase is isolated with a molecular weight of about 30,000 daltons and is resolvable as 
a single band by SDS gel electrophoresis. The surfaces on which the enzyme is immobilized can be solid (e.g. 
glass) or can be fabrics (natural, synthetic, or metallic, woven or non-woven). 

In another aspect of the present invention, a fabric is provided that is treated to have improved oil stain 
removal properties. The treated fabric has a lipase immobilized on the surface, forming a fabriclipase complex. 

15 The fabric-lipase complex has substantial hydrolysis activity for oil stains during both subsequent use and laun- 
dering, and is resistant to removal during such use in laundering. Thus, although initial use of even the preferred 
lipases will not be effective for oil stain removal, the fabric-lipase-complex is effective for oil stain removal. The 
preferable lipase used to form the fabric-hydrolase complex is isolated from Pseudomonas putida ATCC 53552, 
including modifications such as mutants or clones. 

20 In yet another aspect of the present Invention, a fabric treating composition, useful to improve oil stain 

removal of fabrics, comprises a solid or gelled carrier and the lipase described above. The lipase is dispersed 
in the carrier and can be applied to fabric, and once applied, the lipase sorbs and forms the fabric-lipase com- 
plexes. 

Fabric having improved oil stain removal properties in accordance with the present invention can be 
25 repeatedly laundered without effective loss of such preparation because the lipase used is immobilized to the 
fabric, resists removal during laundering, and has substantial hydrolysis activity for oil stains on the fabric in 
both air and laundering solutions. The inventive treatments can be used to treat fabrics either before or after 
exposure to oily stains. The fabrics so treated need not be immediately laundered because the fabric-lipase 
complexes are hydrolytically active even on dry fabric in ambient air. 
30 Other applications of the ability for the immobilized lipase to modify surfaces include uses to alter the wet- 

tability of the surface on which the lipase is sorbed. Thus, for example, solid plastic or glass surfaces having 
surface modifications in accordance with the invention may facilitate clog removal in plumbing, cleaning of win- 
dows, and other uses. 

Other objects and advantages of the present invention will become apparent to persons skilled in the art 
35 upon reading the following description. 

Brief Description of the Drawings 

Figure 1 of this reference is a map of the 4.3kb E. coll fragment of a plasmid designated PSNE4, for a lipase 
40 useful in the present invention. 

Figure 2 graphically illustrates the increased wettability of polycotton fabrics when they are treated in 
accordance with the invention and contrasts this increased wettability with fabric washed in the presence of a 
prior art, commercially available lipase. 

Figure 3 is a sectional view of a vessel useful for generating a bleaching agent in accordance with the pre- 
45 sent invention. 

Detailed Description of the Preferred Embodiments 

Broadly viewed, the Invention Is a method for modifying surfaces by forming a lipase complex with the sur- 
so face. One application of primary intent is to facilitate oil removal from or by a modified fabric surface. By "oil 
removal" Is meant removal of oil which is deposited on the surface either before or after such surface modifi- 
cation, as well as the property of preventing or retarding redeposition of ofl on the fabric such as during laun- 
dering. Surfaces that can be modified in accordance with the invention include glass, plastic, and metal solids 
as well as fabrics. Particularly preferred embodiments of the invention pertain to fabrics. 
55 Thus, fabric treating compositions of the invention are useful to treat a wide variety of natural, synthetic or 

metallic fabrics whether viewed as textiles or woven or non-woven cloths. For example, among the different 
materials that have been treated in accordance with the invention so as to have sorbed enzyme on surfaces 
exposable to oils have been nylon, polycotton, polyester, woven polyester, double knit polyester, silk, vinyl, 
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10 



15 



20 



cotton flannel, rayon velvet, acrylic felt, wool blend (polyester/wool), synthetic blend (polyester/polyurethane), 
as well as pot cleaner materials such as cellulose sponge, nylon and stainless steel scrubbers and copper doth! 

The surfaces that have been treated in accordance with the invention can already be stained by (or carrying) 
oil before an enzyme-fabric complex is formed or the complex can be formed before such exposure. Examples 
of embodiments useful for the former applications include pre-wash liquid or gelled compositions that can be 
sprayed or directly applied to specificareas of oDy stains. The garments or linens can then be stored in a laundry 
hamper, for example, and laundered in the normal course of a household's routine because degradation of the 
oily stain into hydrolysis by-products will be occurring during storage. Alternatively, fabric may be pretreated 
before use to convey improved oil stain removal properties. 

Surfaces are modified in accordance with this invention by sorbing a lipase onto the surface. The sorbed 
lipase is isolatable from a Pseudomonas organism. 

The suitable lipases can be viewed as glycerol ester hydrolases and are isolatable from certain 
Pseudomonas strains or from genetic modifications such as mutants or clones thereof. The particular 
Pseudomonas strains of interest are P. sp. and P. putida ATCC 53552. It should be understood that the gene 
expressing the particular lipase of interest can be cloned into another organism, such as E. co//and B subWis 
for higher levels of expression. ? 

The previously noted European Patent Application 253,487 of Wiersema et al. more fully describes the 
amino acid sequence of a specific suitable enzyme isolatable from the P. putida strain and further describes 
the cloning and expression of the gene coding for this enzyme. Figure 1 of this reference is a map of the 4.3 
kb E. coif fragment of a plasmid designated PSNE4 where the stippled region indicates the coding region 
(codons +1 to +258) for the mature polypeptide designated Lipase 1 , which has a molecular weight of about 
30,000 daltons and is resolvable as a single band by SDS gel electrophoresis. This EPA 253,487 is incorporated 
by reference, but for convenience the amino acid sequence of the specific enzyme ("Lipase 1") isolated from 
the P. putida strain Is set out as follows: 
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110 



! 10 

• pro phe pro 
pro tyr thr 



1 

ala pro leu pro asp thr pro gly ala 

20 

ala val ala asn phe asp arg ser gly 

tnr ser ser gin ser glu gly or o ser cys arg lie 

40 

tyr «rg pro arg asp leu gly gin gly gly val arg 

Ms pro val 1le leu trp gly asn gly thr gly ala 

- 70 

gly pro ser thr tyr ala gly leu leu ser his trp 

80 

ala ser his gly phe val val ala ala ala glu thr 

90 

ser asn ala gly thr g ] y t arg glu met - -leu ala cys 
100 

leu asp tyr leu val arg glu asn asp 



thr pro tyr 
120 



gly thr tyr ser gly lys leu asn thr gly arg val 

130 

gly thr ser gly his ser gin gly gly gly gly 5 er 



1le c»t ala gly gin asp thr arg val 

150 

ala pro lie gin pro tyr thr leu gly 



arg thr thr 
leu gly w his 



160 

asp ser ala ser gin arg arg gin gin gly pro Mt 

no 

Phe leu met ser gly gly g, y « P thr 11* * U JjJe 



pro tyr leu asn ala gin pro val tyr 



190 

*rq arg ala 
' 200 

asn val pro val phe trp gly gi u ar9 apj tyr ^ } 

210 

ser Ms phe glu pro val gly ser 9 i y aU tyr 

220 

arg gly pro ser thr ala trp pn< *rg phe gln lftu 



230 

met asp asp gin asp ala arg ala thr 

ala gin cys ser leu cys thr ser leu 

ser val gly arg arg gly leu 



2AO 

Phe tyr gly 
250 

leu trp 



Suitable enzymes can be modified with respect to the said amino acid primary structure. 

Modifications preferably will be wherein the modified enzymes have an amino acid sequence substantially 
corresponding to the just-described lipase isolatable from P. putida ATCC 53552, but differing therefrom within 
certain parameters. Such preferred modifications are where there is at least one amino acid change occurring 
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within (0 about 15A of serine 126. aspartic acid 176 or histidine 206 when the modified enzyme is in crystallized 
form or (li) within about 6 amino acids of the primary structure on either side of serine 126, aspartic acid 176 
or histidine 206. Such suitable modifications areas described in co-pending U.S. Patent Application Serial No 
286.353, fDed December 19. 1988. entitled "Enzymatic Peroxyacid Bleaching System with Modified Enzyme- 
inventors Poulose and Anderson, which is incorporated herein by reference and is of common assignment 
herewith. 

It is found that conventional initial washing with lipases, including the preferred lipases of the present inven- 
tion, provides virtually no benefit over washing in the absence of lipase. The present invention nevertheless 
provides a method of employing lipases for effective removal of ofl stains from fabric by utilizing a first wash 
cycle to form a fabric-lipase complex, which remains active through subsequent drying and provides effective 
oil removal in subsequent wash cycles. An example of this is shown in Table 1 where no stain removal occurs 
in the first wash cycle, but does occur in subsequent cycles. Polycotton fabric swatches (65A35) were stained 
wrth tndein (5% by weight) and washed three times with two lipases of the invention. Table 1 summarizes the 
data of this study. 



TABLE 1 





* Oi; 


Stain Removal 




1st 

Cycle 


2nd 
Cvcle 


3rd 
Cvcle 


Lipase cloned 
from P. DUtida 








0 ppm 


' 21 


27 


32 


0.5 ppm 


23 


45 


61 


2.0 ppm 


22 


60 


80 


Lipase isolated 
from P. so. 








0 ppm 


21 


27 


32 


0.5 ppm 


21 


37 


46 


2.0 ppm 


20 


44 


56 



As can be seen from the data summarized by Table 1. no oil stain removal is observed in the first cycle, 
while significant removal is observed in the second and third wash cycles. 

Even increasing the enzyme concentration in the wash solution ten-fold to 20 ppm does not provide oil stain 
removal during initial use in the first cycle as might be expected. Surprisingly, however, the present Invention 
provides significant oil stain removal in subsequent washings, even where no lipase is present in the subse- 
quent wash cycles. This Is demonstrated by Table 2. 

Four replicate polycotton fabric swatches (2x2") were washed in 200 ml of 10mM sodium carbonate con- 
taining 0.1mM Neodol 25-9/0.2mM C 12 LAS and various levels of lipase as indicated in Table 2. Wash solutions 
were at pH 10.5 and washed for 1 5 minutes at room temperature. Swatches were air dried before rewashing 
Rewashing in cycles 2 and 3 were done without the addition of lipase. 
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Percent: Soil Removal 



, cvcle 1 Cvcle 2 Cvcle 3 

Control 15 23 27 
Enzyme Treated: 

(2 ppm) 15 57 76 

(5 ppm) 17 69 " 91 

(10 ppm) 16 78 101 

(20 ppm) 17 89 105 



As Is seen by the data of Table 2, polycotton fabric that had been treated with varying concentrations of 
lipase during the first laundering cycle demonstrated significant oil removal in the second laundering, and even 
better removal in the third laundering (where only surfactant was present in the second and third launderings). 
The data of Table 2 further shows that higher enzyme levels in the first cycle resulted in higher levels of oily 
stain removal in the second and third cycles. This demonstrates that oil removal observed in the second and 
third cycle is due to the presence of lipase in the first cycle. Furthermore, these data demonstrate that the lipase 
is adsorbed onto the fabric during cycle 1, and remains active and adsorbed through rinsing, drying, storage 
and use in cycles 2 and 3. 

Example 1 

An experiment was performed that illustrates the use of lipase compositions to pretreat fabric before the 
fabric is exposed to oil. Three different enzyme concentrations for Lipase 1 were used to treat three separate 
sets of polyester/cotton (65/35) fabric swatches. The treatment consisted of washing four replicates in the wash 
solution described in Table 2 containing various lipases shown in Table 3. After air drying, each swatch was 
then stained with triolein (5 wt% with respect to fabric weight). Control (untreated) swatches were similarly 
stained. The stained swatches were then washed once in a laundering simulation including detergent and the 
described levels of lipase. Table 3 summarizes the data. 



TABLE 3 



% Stain Removal 

PreTreatroent (0.5 pom) fl.Qppm) ra.Qppm) 



Control (no lipase) 6 8 12 

Lipase cloned 20 2 6 33 
from P. putida 

Lipase P. sp 20 20 26 

Novo Lipolase 9 7 11 
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As can be seen from the data summarized by Table 3, the fabrics pretreated (pretreated before oQ expos- 
ure) with lipase doned from Pseudomonas put/da and the lipase isolated from Pseudomonas sp. resulted in 
about 22 to almost 3 times better oil stain removal with respect to a control when both control and pretreated 
fabric were washed in a laundry simulation that included detergent and lipase. 

The lipase-surface complexes have been shown to exhibit binding tenacity, and to retain activity binding 
on a broad spectrum of surfaces. This is illustrated in Table 4 where a wide variety of fabrics, several non-fabric 
woven surfaces, and several solid surfaces were soaked for 15 minutes in a buffered solution of lipase at pH 
8. By calculation of the activity lost from solution, the amount of lipase sorbed onto the surfaces was determined. 
These fabrics and surfaces were then washed for 15 minutes in 5 mM phosphate at pH 8 and the amount of 
enzyme that had desorbed was similarly measured. Table 4 summarizes these sorption and desorption results. 

TABLE 4 

_ , . . % sorbed % remaining 

Fabric/ from treating sorbed after one 

Surface Type solution washing 



nylon 22 

pdlycotton 32 

grey polycotton 13 

polyester 29 



98 
92 
85 
96 



woven polyester 27 93 

97 



double knit 53 
polyester 

silk 8 
(crepe de chenin) 

vinyl 16 

cotton flannel 19 

rayon velvet 51 

acrylic felt 38 

polyester/wool 37 



87 

94 
93 
84 
100 
96 



10 



15 



20 



25 



30 
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% sorbed % remaining 

Fabric/ from treating sorbed after one 

Surface Type solution washing 

polyester 8 84 
/polyurethane 

terry (85% cotton 17 97 
/15% polyester) 

fleece (50% 39 97 

cotton /50% ' 

Polyester) 

nylon pot cleaner 38 71 

copper cloth 42 93 
pot cleaner 

cellulose sponge 24 100 

stainless 68 -99 
pot cleaner 

wax paper 17 99 

unetched glass 39 99 

etched glass 3 3 100 

ABS pipe 22 100 



As can be seen from this data, the lipase was sorbed from the treating solution, in varying amounts, depend- 

35 ing on the surface, for a variety of different fabrics and surfaces. Furthermore, once sorbed the bound enzyme 
was substantially retained even after a 1 5 minute wash in phosphate buffer as described above. Four days after 
the laundering simulation, the enzyme activity of the surface-bound complexes was tested. Ail the examples 
summarized by the data of Table 4 were shown to be hydrolyticly active. This was demonstrated by contacting 
the lipase treated surfaces with p-nitrophenylbutryate, a substrate for the lipase, that is hydrolyzed to the yellow 

40 product p-nitrophenol. 

Treating fabrics to improve oil stain removal in accordance with the invention normally begins by contacting 
the desired fabric with a lipase containing composition to sorb the lipase onto the fabric and to form fabric-lipase 
complexes. Factors which affect adsorbance of lipase onto surfaces include surface characteristics and solu- 
tion components such as: surfactant composition, ionic strength, pH, and lipase concentration. The time of 

45 exposure of the surface to the lipase-containing solution also increases the amount of adsorbed lipase. We 
have found that adsorption is highest on polycotton fabric in the absence of surfactant, low ionic strength and 
alkaline pH. Under these preferred conditions, higher lipase concentrations In solution will provide higher 
adsorption of the lipase onto the fabric. In the presence of surfactants, mixtures of anionlc/nonionic promote 
adsorption more efficiently than single surfactant systems. 

so Delivery of the lipase to the surface to form the surface-IIpase complex can be effected in a number of ways. 

As previously discussed, one way is by contacting the surface with a lipase solution, either in by washing or 
spraying the surface with the solution. An example of a preferred aqueous solution suitable for application to 
fabric has a basic pH, most preferably pH 10.5, has the lipase preferably in an amount of about 20 ppm, and 
is buffered such as by 5 mM phosphate or 10 mM carbonate. Simply soaking or spraying such a composition 

55 on the fabric surfaces for which improved oil stain removal is desired will result in formation of fabric-lipase com- 
plexes with the desired laundering removal resistance and substantial hydrolysis activity already described. 

Such delivery may be made prior to soiling, for instance as a finishing step in fabric manufacture, or in pre- 
treatment of fabrics prior to use; or after soiling of the fabric. Localized treatment of oil stains prior to washing 
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can be effected by spraying or by use of a solid or gelled carrier for the lipase In applications where the lipase 
is desired to be transferred to fabric by direct contact For example, a consumer can use a gel stick applicator 
to directly apply the lipase to areas such as shirt collars. Various suitable solid, stick-like carrier compositions 
are illustrated in European Patent Application No. 86107435.9, published December 30, 1986. For example, 
one preferred composition includes propylene glycol, nonytphenol ethoxylate, linear alcohol ethoxylate! 
dodecylbenzenesulfonic acid, and stearic acid. A particularly preferred embodiment for a solid or gelled carrier 
composition is as follows: 



Component: 



Propylene Glycol 
Nonylphenol Ethoxylate 
Linear Alcohol Ethoxylate 
Polyethylene Glycol 
Dodecylbenzenesulfonic Acid 
Stearic Acid 
Lipase 



weight % 

42 
17 
17 

2 

6 
10 

6 



Although the reason the lipases of the present invention are not effective when merely added to a conven- 
tional laundry wash solution, but are effective when the surface-lipase complex of the present invention is for- 
med, is not fully understood, It is believed, without being bound by this theory, that the structure of these lipases 
is altered to an active state when they are complexed to the surfaces. Therefore, a method of providing active 
lipase for use in a conventional laundry solution is also provided by the present invention. This comprises deli- 
very of an article comprising a surface-lipase complex to the conventional wash solution. Such articles can 
include the lipase complexed with a fabric or non-fabric member. Preferably the non-fabric, particulate members 
are employed to provide adequate dispersion through the wash. Such particulate members should be 
hydrophobic surfaces onto which the lipases adsorb. Examples are stearate salts, methacryiate copolymers 
hydroxybutylmethyl cellulose, and polyacrylamide resins. 

The surface-lipase complex of the present invention preferably has the following characteristics: substantial 
hydrolysis activity during storage, ennhanced stability compared to lipases in solution, and surface property 
modifications of the surface onto which it is immobilized. The following are examples illustrating these charac- 
teristics. 

Example 2 

This example illustrates activity during storage. Polyester/cotton swatches were treated with a lipase con- 
taining solution to provide a fabric-Iipase complex. The dry, treated swatches were soiled with triolein (5% by 
weight of fabric) and stored for two days at room temperature. The ol was then extracted from the swatches 
and the components of the extracted oil were determined by thin layer chromatography. This analysis showed 
that oleic acid, monoolein and diolein were present on the swatches. These products of lipolytic hydrolysis were 
not observed on "control swatches" (where there was no enzyme treatment prior to staining). The presence of 
oleic acid, monoolein, and diolein demonstrates that the fabric-Iipase complex, in accordance with the invention, 
is active for hydrolysis of oily soil even on dry fabric. 

Example 3 

towards f0ll ° Win9 6XperimentS demonstrate ** ^ e Inventive fabric-Iipase complex displays enhanced stability 
A. HIGH TEMPERATURES 

The bound lipase-fabric complexes retain activity despite drying of the laundered fabrics in hot (180°R 
dryers. This is illustrated by the data of Table 6. 
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TABLE 6 



10 



* % oil removed 

Drvina conditions 3 Cycles 

Inventive treated 

fabric - air dried 82 
Inventive treated 

fabric - hot dryer __65 

Control - air dried 20 



As can be seen from the data of Table 6, although fabric dried three times in a hot dryer (following three 
launderings) did experience some enzyme activity loss with respect to an inventively treated fabric that was 
air dried, nonetheless oil removal for even the hot dried, Inventively treated fabric was still over three times that 
of a control (untreated) fabric. 

20 

B. SURFACTANTS 

The lipase-surface complex has been shown to exhibit enhanced stability to denaturatlon by surfactants. 
This property can be useful in liquid formulations, for example, in conveying storage stability. Into a solution of 

25 surfactant and buffer an aliquot of hydrolase (Lipase 1) was incubated for 10 minutes at room temperature. 
The surfactant solution was 1 wt. % SDS, which was buffered by sodium carbonate to pH 10.5. The hydrolase 
was 2 ppm in solution. A second sample was similarly prepared except fabric was introduced into the surfac- 
tant/buffer solution before adding the aliquot of hydrolase. Both samples were then assayed for enzyme activity 
by removing aliquots at 2, 5, and 10 minutes and assaying for enzyme activity. In addition, the fabric from the 

30 second sample was removed and the fabric surface was assayed visually for yellow colored development after 
contacting with PNB. 

We found that the first sample enzyme (which was simply in solution and incubated in the surfactant/buffer 
solution) was inactive at all time points tested. Similarly, the second sample had some enzyme remaining in 
solution (that had not sorted to the fabric) and this solubilized hydrolase was also inactivated. But by contrast, 
35 assays of the fabric surface showed that the hydrolase having sorbed to the fabric surface remained active at 
all points of testing, including even after 10 minutes in the otherwise denaturing surfactant/buffer solution. 

Example 4 

40 We have discovered that surfaces treated with lipase in accordance with the invention also causes a 
changed wetting characteristics of the surface. This is demonstrated for three surfaces: 

A POLYCOTTON 

45 Polycotton fabric treated with the lipases results in increased wetting velocity for that fabric when compared 

with untreated fabric. Figure 2 shows the increased wettability of polycotton fabrics when treated in accordance 
with the invention. The Fig. 2 measurements were made using high speed videomlcrography to observe and 
to measure the behavior of a water droplet as it contacts the fabric surface. The measurement of the contact 
angle as a function of time (msec) allows calculation of the velocity of wetting. Also shown in Fig. 2 is a conrv 

so parison with polycotton that had been analogously treated with a commercially available Upolase enzyme. 
Within the error of the experiments, the Lipolase enzyme treatment did not affect fabric wettability. A similar 
result (wettability not affected) was obtained in experiments involving a protease (commercially available as 
Savinase). 

55 B. ABS PIPING 



These experiments used sessile drop shape analysis to evaluate the surface properties of ABS plastic pipe. 
The hydrolase solution used to contact the pipe surface was a solution containing 1 ppm hydrolase. After drying, 
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' summarizes the data, 



TABLE 7 



Treatment 
No hydrolase 
Hydrolase 



Contact- Amjia 

66.7 ± 3* 

59,6° 
64.8° 
51.0* 



that^roll^ f , P,P6 Wer8 6Xamined t0 t6St f0r ho ™^ty of sorption. The data suggests 

XSSSZ h ^ eneous ^ughout the pipe surface, as can be inferred by the setter 

L ^^k 9 6 ™* s " remBnt * on hydrolase treated pipe surface. No such scatter was observed on 
Resurface of the untreated pipe. However.all three areas showed a lower contact angle with sorted 

2S2T 309,8 ,nd,CateS ** SUrfaC8 h3V,n9 s*** 6 h *< *^m ^SpCc and 

t^Toir ^ ^ ^ Thte SUrf3Ce -V Provide ,rs^T^^ 



for drainage pipes. 
C GLASS 



control. The third compos.bon was analogous to the second, but included 10 ppm of the lioase The a \*<* 

-^-dthatsoa^^ 
h^^ 

hydrolase had become more hydrophilic and therefore the treated surfaces were more easHv^etted bv 2? 
Th,s charactenstio may facilitate cleaning of surfaces such as floors, walls. fS^Z^SS^' 

Example 5 

nearoonate wash while th. oj stoned cotton swatches we., being washed along „,«, „, e 
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polyester swatches. 

Table 8 demonstrates the control (no hydrolase treatment), the pretreatment, and the in situ treatment data 
following the procedures as have been just described. 



TABLE 8 



10 



15 



20 



Hydrolase 
Treatment of 
Polyester 
Swatches 

None 
(control) 

Pretreatment 
(1 ppm) 

In sim 
(1 ppm) 



Cotton Swatch 
Oil Level 
Before 
Laundering 

95 mg 
95 mg 
95 mg 



Cotton Swatch 
Oil Level 
After 

Redeposiiion 
Laundering 

17 mg 



17 mg 



18 mg 



Polyester 
Swatch 
Oil Level 
Before 
Laundering 

0 mg 



0 mg 
0 mg 



Polyester 
Swatch 
Oil Level 
After 

Redeposiiion 
Laundering 

34 mg 



mg 



11 mg 



As can be seen from the data of Table 8, treating the polyester swatches so as to sorb the hydrolase onto 
their surfaces before exposure to potentially redepositing oil (from the soiled cotton swatches) was effective to 
prevent most of the redeposition when the polyester swatches had already been treated, and substantially 
reduced the amount of oil redepositing when the treatment was in situ. This experiment demonstrates the effi- 
cacy of Lipase 1 as an anti-redeposition agent 

Effective surface modifying compositions of the invention preferably have enzyme within the range of 
0.1ng/ml enzyme (0.1 ppm) and 20ng/ml enzyme. Of course, yet higher concentrations could be used. Efficacy 
of the lipase even when only 0.1 ppm lipase compositions are used for fabric treating is shown by the data in 
fable 9. 

TABLE 9 

% of oil stain removed 
? Cycles 5 Cycles 

40 fabric treated 30 44 

with lipase 
at (Kl^g/ml 
(invention) 

45 control 24 29 



25 



30 



As can be seen from the data summarized In Table 9, even the very small amount of lipase (isolated from 
so a clone of the P. putida) used in a treatment in accordance with the invention results in a statistically significant 
oil removal benefit for the fabric after two laundering cycles with respect to an untreated control. Indeed, the 
benefit increases upon multiple cycles and results in almost a 50% increase over the control (untreated fabric) 
after five laundering cycles. 

In another aspect of the present invention a concentrated delivery system useful for generating a bleaching 
55 agent comprises a vessel, a surface structure disposed within the vessel, a lipase adjacent to or carried by 
said surface structure, and means tor admitting a selected amount of oQ and a selected amount of peroxygen 
to said vessel and into contact with said surface structure for generation of a peracid within the vessel via 
enzymatic catalysis. For example, for home laundering an embodiment of the inventive apparatus can serve 



13 



EP 0 476 915 A2 



aaen aenenSd JZi 9 T V °' Um8 ° f V6SSel 38 we " 38 to dis P ense *• ble *<*N> 

Sr * the laundenng solution. A porous vessel can have lipase immobilized within the vessel 

TZ:~l T e " Preferab ? T° bilized within 0,6 vesse! interior, such as on a wall forming at leastTart 
nHno ^.T™? 3 mem k ber . definin9 8 SUrface within 4,16 vesa ^ »y both covalent and noncovalent «S,u- 
pl ng Covalent coupling may be by various conventional means known to the art, such as through the N-ter- 
minal amine as is used for coupling antibody to membranes 

12 b R fe e d i in 9 I°^l!' a hi 9eneral,y SPh t riC f ' Ve8Se ' 10 hasa "v^assembly 12 and a body 14. Cover assembly 
auict^d r^S r n "!l 0n b ° dy 14, SUCh 33 by 3 mo «"«"9. or "twist-off" or any other 

Ssfh St^Jrr T 093 knOW " t0 0,6 " t COV6r 3SSemb 'y 12 P referab| V I"**" a plurality events 
7h« staicture 16 can take a wide variety of forms. In use. when the cover assembly 12 is removed then the 

l^m TLZ£% ° T ° f 0H ° f Per0Xy9en add6d tQ 3 ,evel ^cienttocontactsurfaces^cture 
16 w.th its immobilized enzyme for generation of peracid within the vessel 1 0. As earlier noted the immobilized 
enzyme ,s preferably bound to the structure 16 by both covalent and noncovalent coupling 

h»° T TOU P ,in9 . is believed involved m fo "Tiing enzyme-surface complexes through enzyme sorption 
Deroxvae^r T", 3 Se,6Cted 3mount of oil and a 

^"S m ^ int ° 00,113(54 W " h thS imm0b,1i2ed ,ip3Se ' th6n the "P 3se . its ^"strate. and 
Pr0dUC8 PeraCid in the ,imited vo,ume of tna vassel when in the presence of a sub- 
TSZOn* ^t 0 " 8 SOlUti0n • SUCh 38 3 ,3Underina «»^ition. This is because a lipase, suc^as Lipase 
whS P r„T r ° ,y2e ^ SUCh 88 9lyCeride8 ' 6,hy,ene ^ darivatlvas . °r Propylene g.^1 den^^es 
rhL^Tr 06 ° f « ° f hydr09en PerOXWe ' f0rm P eradd - S-h Pepcid b?eaching sTsS 

Td^P „ genual components are more fully described in Serial No. 932.717. filed NovembeM9 
1 986 titled Enzymatic Peracid Bleaching System." of common assignment herewith and ncorporated hereby 
by reference. Example 6 ilustrates this bleaching agent generation apparatus aspect of the^nTentn 

Example 6 

^n^r* 0001 d6ViSed 40 determine M * T a Peracid (such as peroctanoic acid) in reasonably high con- 

oTe^^ 

\aSZZ*J!T d a ^! a o S ^ tUre With immobBized enz *™ by pipetting 0.8 ml of 6.6 g/l lipase solution (iso- 
lated from a clone of the P. putida organism) into a weigh boat added a fabric swatch and soaked the swatot 

m inute^ ^"T^ 7,16 WaS *" ***** * ^ in sodi ™ carbonate buJer at pH 1 1 for fTeen 

surfrcTZ ""T ^ 1 re T OVeunbonded a "^e.Thisswatch. orsurface structure with HpaseTrned 
on the surface, then was placed into contact with a selected amount of substrate for the lipase and a selected 

J« Sott ^1 suSr^ e r roXy9en ^ Mr09en Per ° xide (500 ° PP m A" 0 " * calculation 6.5 ml/200 
1 tonJ mo « ! In™^ ^ 9en Were in an aqueoua solution ^ered with sodium carbonate (25 
mM) to pH 10 8 w,th EDTA 0.2 ml/200 ml (50 uM). Liquid chromatography (Brinkman autoanalyzer) was used 
to determine the amount of peracid generated as a time function, as illustrated by Table 10 



TABLE 10 

Elapsed Time fm>n) , ppm A.O. a^nera^H 



6 
12 
18 

25 



4.8 
7.8 
8.8 

9.3 



A control (with no enzyme present) resulted in the generation of 0.05 ppm AO. in 12 minutes Thus while 
on* an insignrficant amount of chemical perhydrolysis (between subsiate and pe roZ^o^ mS 

enz^Sca^ 6 ^ ^ PeTOXy9en 9enerated tiTvest. via 

^nr^ 0 ? 6 ' < !^S? ,0 r T S Prep3red whlch thesubstrateoil was increased to 52 g/200 ml. EDTA was pre- 
sent as 0.6 ml ,n 600 ml. there was 2% PVA and the solution was prepared with 350 m. water" The ^en 
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peroxide was also increased (10 ml into 150 ml emulsion sample) and the initial pH of the emulsion was raised 
(using 50% NaOH) to 10.8. The enzyme amount was 6.8 mg/swateh which is equivalent to about .1 ppm in a 
70 liter wash. The amount of available oxygen generated for this system was again calculated and the results 
are shown as is shown in Table 11. 



TABLE 11 

Elapsed Time (inin) ppm A.O. generated 

175 
390 
360 
340 
404 



1 
4 
7 
10 
14 



A control with no immobilized enzyme resulted in no peracid being detected after 14 minutes. These exp- 
eriments indicate that peroctanoic acid at high concentrations (30 mM) can be generated by immobilizing a llp- 
20 ase in accordance with the invention and employing the immobilized enzyme as a catalyst for a reaction system 
with hydrogen peroxide (2%) and oil substrate trloctanoin (8.7% g/100 ml). 

It is to be understood that while the Invention has been described above In conjunction with preferred speck 
fic embodiments, the description and examples are intended to illustrate and-not limit the scope of the invention, 
which is defined by the scope of the appended claims. 



Claims 

1. A method for modifying surfaces to facilitate oil removal, comprising: 
30 selecting a surface to be modified; 

immobilizing a lipase onto the surface, the lipase being isolatable from a Pseudomonas organism. 

2. A method for increasing the wettability of a surface comprising selecting the surface and contacting the 
surface with a lipase isolatable from a Pseudomonas organism. 

35 

3. A method for retarding redeposition of oil and oil hydrolysis by-products on fabric during laundering com- 
prising treating the fabric with a lipase isolatable from a Pseudomonas organism. 

4- The method as in claim 3 where said treatment comprises contacting the fabric with a solution containing 
40 said lipase to form a lipase-surface complex. 

5. The method as in claim 1, 2, or 3 wherein the lipase is isolated from an organism expressing a coding 
region found in or cloned from Pseudomonas putida ATCC 53552, the lipase having a molecular weight 
of about 30 to 35 kd and being resolvable as a single band by SDS gel electrophoresis. 

45 

6. The method as in claim 1 wherein the immobilized lipase forms surface-lipase complexes on the surface 
having substantial hydrolysis activity for oil stains. 

7. The method as in claim 6 wherein the immobilized lipase forms surface-lipase complexes on the surface 
so having enhanced stability to denaturation by surfactants and to heat deactivation. 

8. A method of treating fabric to improve oil stain removal comprising: 

selecting a fabric to be modified; 

sorbing a lipase onto the fabric, the lipase being isolatable from a Pseudomonas organism. 

55 

9. The method as in claim 8 wherein the sorbed lipase forms fabric-lipase complexes having substantial hyd- 
rolysis activity for oil stains on the fabric while in the presence of air. 
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10. The method as in claim 8 or 9 wherein the lipase is isolated from an organism expressing a coding region 
found in or cloned from Pseudomonas putida ATCC 53552, the lipase having a molecular weight of about 
30 to 35 kd and being resolvable as a single band by SDS gel electrophoresis. 

1 1. The method as in claim 10 wherein the sorbed lipase retards redeposition of oil and hydrolysis by-products 
during laundering of the fabric. 

12. The method as in claim 10 wherein the sorbed lipase retains at least some hydrolysis activity when the 
fabric is exposed to drying at elevated temperatures. 

13. The method as in claim 1 0 wherein the sorbed lipase is resistant to removal during laundering of the fabric. 

14. The method as in claim 10 wherein the sorbed lipase alters the wettability of the fabric. 

15. The method as in claim 9 wherein at least some of the hydrolysis by-products are removable during laun- 
dering of the fabric at basic pH or in the presence of surfactant. 

16. The method as in claim 9 wherein at least most of oil stains when present on the fabric are removed via 
hydrolysis by-products after three launderings. 

17. The method as in claim 10 wherein the lipase is sorbed by contacting the fabric with an lipase containing 
composition having the lipase in an amount between about 0.1 ppm to about 2,000 ppm. 

18. A treated fabric having improved oil stain removal, comprising: 

a fabric; and 

a lipase sorbed on the fabric surface, the lipase being isolatable from a Pseudomonas organism. 

19. The treated fabric as in claim 1 8 wherein the sorbed lipase forms fabric-lipase complexes having substan- 
tial hydrolysis activity for oil stains. 

20. The treated fabric as in claim 18 or 19 wherein the sorbed lipase alters the wettability of the fabric surface. 

21. The treated fabric as in claim 18, 19, or 20 wherein the lipase is isolated from an organism expressing a 
coding region found in or cloned from Pseudomonas putida ATCC 53552, the lipase having a molecular 
weight of about 30 to 35 kd and being resolvable as a single band by SDS gel electrophoresis. 

22. The treated fabric as in claim 21 wherein the sorbed lipase retards redeposition of oil and hydrolysis by- 
products during oil removal from the surface in the presence of aqueous solutions. 

23. The treated fabric as in claim 19 wherein the sorbed lipase retains at least some hydrolysis activity when 
the fabric is exposed to drying at elevated temperatures. 

24. The treated fabric as in claim 21 wherein the sorbed lipase is resistant to removal during laundering of 
the fabric. 

25. The treated fabric as in claim 21 wherein the sorbed lipase alters the wettability of the fabric. 

26. A fabric treating composition, useful to improve oil stain removal, comprising: 

a solid or gelled carrier having a melting point above about ambient temperature; and, 
a lipase dispersed in the carrier, the lipase isolated from an organism expressing a coding region 
found in or cloned from Pseudomonas putida ATCC 53552. the lipase having a molecular weight of about 
30 to 35 kd and being resolvable as a single band by SDS gel electrophoresis. 

27. An apparatus, useful for generating a bleaching agent, comprising: 

a vessel; 

a surface structure within the vessel; 

a lipase sorbed on said surface structure within the vessel and being isolatable from a 
Pseudomonas organism; and 
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15 



means for admitting a selected amount of substrate for the lipase and a selected amount of 
peroxygen to said vessel and into contact with said surface structure for generation of a peracid within 
the vessel via enzymatic catalysis. 

28. A method of preparing a lipase for effective use in a cleaning solution comprising sorbing the lipase on a 
hydrophobic member. 

29. A method of delivering active lipase to a cleaning composition comprising sorbing lipase on hydrophobic 
member to form a surface-lipase complex and then admitting the member to a cleaning composition. 

30. The method of claim 28 or 29 where the member is a particulate material. 

31. The method of claim 30 wherein the particulate material is formed of stearate salts, methacrylate copolym- 
ers, hydroxybutylmethyl cellulose, or a polyacrylamide resin. 

32. The method of claim 30 wherein the particulate material is admixed with other cleaning components. 



33. The method as In claim 28 or 29 wherein the lipase is isolated from an organism expressing a coding region 
found in or cloned from Pseudomonas putida ATCC 53552, the lipase having a molecular weight of about 

20 30 to 35 kd and being resolvable as a single band by SDS gel electrophoresis. 

34. An article comprising a hydrophobic member and a lipase sorbed thereon, said member and said lipase 
forming a surface-lipase complex having significant hydrolysis activity. 

25 35. The article of claim 34 wherein said member is particulate. 

36. A method of increasing the wettability of a surface comprising contacting the surface with a lipase isolat- 
able from a Pseudomonas organism. 

30 37. The method of claim 36 wherein the lipase is isolated from an organism expressing a coding region found 
in or cloned from Pseudomonas putida ATCC 53552, the lipase having a molecular weight of about 30 to 
35 kd and being resolvable as a single band by SDS gel electrophoresis. 



35 



38. The method of claim 36 wherein the surface is defined by ABS plastic pipe. 

39. The method of claim 36 wherein the surface is glass. 



40 
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